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V\VWHPV DUH IRUPHG EDVHG RQ ILHOG EXV WHFKQRORJ\ DQG EXV FRPPXQLFDWLRQ SURWRFRO +RZHYHU GXH WR WKH
GLIIHUHQWREMHFWVRIPHDVXUHPHQWDQGFRQWUROZKHQEXLOGLQJPHDVXUHPHQWDQGFRQWUROV\VWHP WKHHQJLQHHU
KDVWRGHVLJQLQWHUIDFHFLUFXLWDQGPRGLI\WKHFRPPXQLFDWLRQSURWRFROWDLORUHGWRVSHFLILFREMHFWVZKLFKFRVWV
WKHHQJLQHHUVWRVSHQGDORWRIWLPHDQGPRQH\WRHQVXUHFRPSDWLELOLW\
,Q WKH ILHOG RI VHQVRUV LQ RUGHU WR GHDOZLWK WKH SUREOHPRI D YDULHW\ RI REMHFWV LQWHUFRQQHFWLQJZLWK D
YDULHW\ RI QHWZRUN WKH ,((( GHYHORSHG ,((( LQWHUIDFH VWDQGDUG WR VLPSOLI\ WKH FRQWURO QHWZRUN DQG
FRQQHFWLRQLWVPDLQJRDOLVWRGHILQHDFRPPRQVHWRIFRPPXQLFDWLRQLQWHUIDFHVVRWKDWWKHWUDQVPLWWHUFDQ
EHLQGHSHQGHQWRIHDFKNLQGRIQHWZRUN)LJVKRZVWKHDUFKLWHFWXUHRIWKH,(((VWDQGDUGPRGXOHV>@
ZKLFKLQFOXGHVWKH6PDUW7UDQVGXFHULQWHUIDFHPRGXOHWKH67,0DWUDQVGXFHULQGHSHQGHQWWKHLQWHUIDFHWKH
7,, DQG WKHQHWZRUNFDSDELOLW\DSSOLFDWLRQSURFHVVRU 1&$37KHFRUH WHFKQRORJ\RI WKH67,0 LV7('6
>@>@>@ ZKLFK KDV VWRUHG WKH PRGXOH QDPH GHYLFH W\SH VHULDO QXPEHU FDOLEUDWLRQ SDUDPHWHUV DQG RWKHU
LQIRUPDWLRQ VR WKDW WKH PRQLWRULQJ DQG FRQWURO QHWZRUN KDV D FHUWDLQ DELOLW\ WR DXWRPDWLFDOO\ LGHQWLI\ WKH
DFFHVVREMHFW
7KLVSDSHUKDVEXLOWDQLQWHOOLJHQWEXV0HDVXUHPHQWDQG&RQWUROV\VWHP,%6EDVHGRQ7('6ILHOGEXV
DQG0RGEXV FRPPXQLFDWLRQ SURWRFRO 7KH V\VWHP FDQ UHDOL]H WKH SOXJ DQG SOD\ WHFKQLTXH DQG DXWRPDWLF
LGHQWLILFDWLRQ RI WKH DFFHVVHG FRQWURO PRGXOH DQG LW KDV EHHQ VXFFHVVIXOO\ DSSOLHG WR WKH WXPRU PDJQHWLF
LQGXFWLRQWKHUDS\HTXLSPHQWZKLFKLVLQGHSHQGHQWO\GHYHORSHG

)LJ7KHDUFKLWHFWXUHRIWKH,(((VWDQGDUGPRGXOH
3URSRVHGDUFKLWHFWXUH
VWDQGDUGGLYLGHVWKHQRGHIXQFWLRQLQWRWZROD\HUV>@WKHILUVWOD\HULV1&$3ZKLFKLVXVHGWRUXQWKH
QHWZRUNSURWRFROVWDFNDQGDSSOLFDWLRQILUPZDUHVHFRQGOD\HULVWKHVPDUWWUDQVPLWWHULQWHUIDFHPRGXOHWKH
67,0LQFOXGLQJWKHWUDQVPLWWHUDQGHOHFWURQLFGDWDVKHHWWKH7('67KHLQGXVWULDOHTXLSPHQWPHDVXUHPHQW
DQGFRQWUROV\VWHPXVXDOO\XVHILHOGEXVHVVXFKDVFDQEXVDQGEXVWKHUHIRUHLQWKHVSHFLILFDSSOLFDWLRQ
WKH GHVLJQ RI 1&$3 FDQ EH VLPSOLILHG VR WKDW LW RQO\ KDV GDWD WUDQVPLVVLRQ DQDO\WLFDO DQG SDFNDJLQJ
IXQFWLRQV DQGPD\ HYHQ LQWHJUDWH WKH1&$3 WR WKH67,0>@ )LJ VKRZV WKHEDVLF DUFKLWHFWXUHRI D VPDUW
PHDVXUHPHQWDQGFRQWUROPRGXOHEDVHGRQ7('6,WLQFOXGHVWKHIROORZLQJSDUWV
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)LJ%DVLFDUFKLWHFWXUHRI,%6PRGXOH
x 67,0
,QRXUDUFKLWHFWXUHLWLQFOXGHVWKHSK\VLFDOVHQVRUVDFWXDWRUVLJQDOFRQGLWLRQLQJDQ$95PLFURFRQWUROOHU
XQLWZLWK LQWHUQDODQDORJ WRGLJLWDOFRQYHUWHUDQG WKH7('6HPEHGGHG LQ LQWHUQDOVHULDO IODVKPHPRU\7KH
7('6FRQWDLQVLQIRUPDWLRQDERXWFDOLEUDWLRQIXQFWLRQDOLW\SDUDPHWHUVYHQGRUGDWDXQLWVHWF
x 1&$3
1&$3 LQ RXU WKH GHVLJQ SHUIRUPV WKH FRQQHFWLRQV EHWZHHQ WKH 67,0 DQG WKH QHWZRUN DFKLHYLQJ WKH
LQWHUDFWLRQ RI GDWD EHWZHHQ WKH 67,0 DQG WKH KRVW FRPSXWHU DW LWV FRUH LV 8$57 WR &$1 EXV PRGXOH
WKHUHIRUH WKH8$57 LQWHUIDFHRI WKH1&$3EDVHGRQ WKLVSDSHUZLOOPDNH LWPRUHFRQYHQLHQW WR WUDQVSODQW
0RGEXVFRPPXQLFDWLRQSURWRFRO>@>@
x 7('6
&RPELQHGZLWKWKHSUDFWLFDODSSOLFDWLRQWKHLQWHOOLJHQWPRGXOHVGHYHORSHGKDYHXVHGIRXU7('6GDWDILHOG
WKDWLVPHWD7('6&KDQQHO7('6&DOLEUDWLRQ7('60HWDLGHQWLILFDWLRQ7('67KHLQIRUPDWLRQVWRUHGLQ
WKH7('6FDQEHUHDGDQGLGHQWLILHGE\WKHKRVWFRPSXWHUWKURXJKLQVWUXFWLRQZKLFKLVWKHFRUHWHFKQRORJ\RI
,%6PRGXOHSOXJDQGSOD\WHFKQLTXHDQGWKHDXWRPDWLFLGHQWLILFDWLRQ,QWHUQDOFDOLEUDWLRQXQLWFDQFRQYHUWWKH
PHDVXUHPHQWRIFXUUHQWRUYROWDJHVLJQDOVLQWRWKHFRUUHVSRQGLQJSK\VLFDOTXDQWLW\DQGDXWRPDWLFDOO\FRUUHFW
DFFRUGLQJ WR WKHFDOLEUDWLRQHQJLQHZKLFK LPSURYHV WKHDFFXUDF\RI WKHPHDVXUHPHQW UHVXOWVDQGVLPSOLILHV
WKHSURFHVV RI KRVWVLGHGDWDSURFHVVLQJ7KH7('6 LQLWLDOL]DWLRQ VRIWZDUH FRPSLOHGE\/DE9LHZZULWH WKH
LQLWLDOL]DWLRQLQIRUPDWLRQRIQRGHWKURXJKWKHEXVLQWHUIDFHLQWKH0&8PHPRU\
,%61RGHV
7DNLQJ LQWRDFFRXQWRI WKHGLIIHUHQWREMHFWVQRGHVKDYHPXOWLSOH W\SHV LQFOXGLQJ WKHP9YROWDJH VLJQDO
DFTXLVLWLRQQRGHP$FXUUHQWVLJQDODFTXLVLWLRQQRGHVZLWFKDFTXLVLWLRQQRGHVLQJOHEXVGDWDDFTXLVLWLRQ
QRGH,&EXVDFTXLVLWLRQQRGHUHOD\RXWSXWFRQWUROQRGH$OOQRGHVDUHSRZHUHGWKURXJKWKHEXV7KHQRGHV
LQWHUQDOFLUFXLWU\LQFOXGHVVLJQDOFRQGLWLRQLQJXQLW$95PLFURFRQWUROOHUDQGSRZHUPDQDJHPHQW(DFKDFFHVV
QHWZRUNQRGHKDVLWVRZQDGGUHVVXVHGWRUHWULHYHWKHQRGHLQWKHKRVWFRPSXWHU7KHQRGHDGGUHVVLVGHILQHG
LQ7DEOH
7DEOH$GGUHVVGHILQLWLRQRI1RGHV
*OREDO$GGUHVV 1RGH$GGUHVV 5HVHUYHG$GGUHVV
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[  
6LPSOLILHG1&$3
7KH1&$3LVLQWHJUDWHGLQWHUQDOO\ZLWKDQ$70(*$PLFURFRQWUROOHUDQG8$57WR&$1EXVPRGXOH
0LFURFRQWUROOHU UHDOL]HV WKH LQWHUDFWLRQ RI QRGHV DQG EXV GDWD WKURXJK WZR VHULDO SRUWV 7KH0&8 LQWHUQDO
IODVKVSDFHVWRUHVWKHEXVFRPPXQLFDWLRQIXQFWLRQFRGHRQRQHKDQG0&8UHVROYHVEXVLQVWUXFWLRQIRUZDUGV
WKHKRVWUHTXHVWWRWKH67,0PRGXOHRQWKHRWKHUKDQG67,0GDWDLVSDFNDJHGLQDFFRUGDQFHZLWKWKHZD\
WKDWWKHKRVWFDQUHVROYH
%XV&RPPXQLFDWLRQ3URWRFRO
5HIHU WR WKHEXV FRPPXQLFDWLRQZRUNIORZRI LQWHOOLJHQW EXVPHDVXUHPHQW DQG FRQWURO V\VWHP LQ)LJ 
7KHKRVW FRQGXFWV WLPHGSROOLQJ WR WKH VODYHRQO\ZKHQGHWHFWLQJD V\VWHPH[FHSWLRQRI WKH VODYH FDQ WKH
VODYHEUHDNWKHSROOLQJZRUNVW\OHDQGGLUHFWO\VHQGWKHKRVWWKHWRWDOSDFNHWGDWD7KLVZD\RIZRUNLQJLVUHDO
WLPHWKHKRVWFDQUHFHLYHWLPHO\IHHGEDFNLQGHYLFHIDLOXUHWRSUHYHQWDFFLGHQWV&RPPXQLFDWLRQLQVWUXFWLRQ
LVGLYLGHGLQWRJOREDOLQVWUXFWLRQDQGORFDO LQVWUXFWLRQ(DFKLQVWUXFWLRQLQFOXGHVDVLPSOHSURWRFROGDWDXQLW
3'8DQGDSSOLFDWLRQGDWDXQLW$'8ZKLFKLVIRUPHGZLWKWKHLQWURGXFWLRQRIVRPHDGGLWLRQDOGRPDLQLQ
WKH GDWD XQLW ,QVWUXFWLRQ XVHV 578 SURWRFRO RI WKH0RGEXV FRPPXQLFDWLRQV WR WUDQVPLW DQG WKH &5& WR
FDOLEUDWHZLWKQRVWDUWDQGHQGWDJV>@

)LJ%XVFRPPXQLFDWLRQSURFHVV
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'XULQJWKHGDWDUHTXHVWUHVSRQVHSURFHVVWKHUHDUHWZRH[FHSWLRQVWKHWUDQVPLVVLRQRIGDWDHUURUVZKLFK
LV VKRZHGDV WKHGDWDFDQQRWSDVV WKHFDOLEUDWLRQ WKHUH LVQRGDWD UHVSRQVHDIWHUZDLWLQJ IRU WKHHQGRI WKH
UHVSRQVHWLPH:KHQDQH[FHSWLRQRFFXUV WKHKRVWQHHGVWRUHUHTXHVWGDWD LI WKHEXVKDVQRGDWDUHVSRQVH
DIWHUDORQJWLPHLWPD\EHWKHEXVH[FHSWLRQ2QFHWKHEXVKDVDQH[FHSWLRQWKHKRVWVLGHKDVWRUHVWDUWWKH
EXV SRZHU DQG WKHQ UHVHW DOO QRGHV $W WKH VDPH WLPH WKH &$1 EXV SRVVHVVHV JRRG H[FHSWLRQ KDQGOLQJ
PHFKDQLVPZKLFKFDQJUHDWO\UHGXFHWKHSRVVLELOLW\RIEXVH[FHSWLRQIURPWKHSK\VLFDOOHYHO
,%6IRU0DJQHWLF,QGXFWLRQ7KHUDS\(TXLSPHQW
0DJQHWLFLQGXFWLRQWKHUDS\HTXLSPHQWLVDQHZW\SHRIHTXLSPHQWXVHGLQWXPRUWKHUDS\WKHHTXLSPHQW
KHDWV LPSODQWHG IHUURPDJQHWLF WKHUPDO VHHGE\KLJKLQWHQVLW\DOWHUQDWLQJPDJQHWLF ILHOG LQ WKHFRLO VRDV WR
UHDOL]HWKHWDUJHWHGWXPRUK\SHUWKHUPLD>@>@0HDVXUHPHQWDQGFRQWUROV\VWHPLQ)LJPDLQO\PRQLWRUVWKH
IROORZLQJSDUDPHWHUV WKH FRROLQJZDWHU IORZXVLQJ WKH IORZ WUDQVPLWWHU DQG WKHRXWSXW LV P$FXUUHQW
VLJQDO WHPSHUDWXUH RI FRROLQJ ZDWHU XVLQJ D GLJLWDO WHPSHUDWXUH VHQVRU '6% ZDWHU SUHVVXUH XVLQJ
GLIIXVHG VLOLFRQ SUHVVXUH WUDQVPLWWHU DQG WKH RXWSXW LV P$ FXUUHQW VLJQDO FRLO FXUUHQW XVLQJ D FXUUHQW
WUDQVIRUPHU WKH RXWSXW FXUUHQW VLJQDO XVLQJ RQH RKP FRQVWDQWDQ VDPSOH UHVLVWRU WR FRQYHUW WR 9 $&
YROWDJHVLJQDOFDSDFLWRUEDQNYROWDJHXVLQJWKHVWHSGRZQWUDQVIRUPHUDQGWKHRXWSXWLV$&YROWDJHVLJQDO
$IWHUUHFWLILHUFLUFXLWWKH'&YROWDJHVLJQDOLVFROOHFWHGE\WKHPLFURFRQWUROOHU¶VLQWHUQDO$'0HDVXUHPHQW
GDWDDUHFRQYHUWHGLQDFFRUGDQFHZLWKWKHFRUUHFWLRQPRGHORI7('6LQWHUQDOGHILQLWLRQDQGWKHILQDOUHVXOWV
DUHSDVVHG WR WKHKRVW FRPSXWHU WKURXJK WKHQRGHVZLWKLQ WKH1&$3LQFK WRXFK/&'DUHXVHG IRUGDWD
GLVSOD\DQGXVHULQWHUDFWLRQ7KHGHYLFHDUHWHVWHGZKHQWXUQLQJRQDQGLVSURYHGWKDWWKHFDQEXVFDQZRUN
VWDEO\IRUDORQJWLPHLQWKHFDVHRIWKHLQWHUQDOHOHFWURPDJQHWLFLQWHUIHUHQFH

)LJ,QWHOOLJHQWEXVFRQWUROV\VWHPIRUPDJQHWLFLQGXFWLRQWKHUDS\HTXLSPHQW
6XPPDU\
7KLVDUWLFOHGHVFULEHVDQLQWHOOLJHQWEXVPHDVXUHPHQWDQGFRQWUROV\VWHPGHVLJQZLWKDVLPSOLILHG7('6
7('6 VWRUHG WKH EDVLF LQIRUPDWLRQ DERXW QRGH LQ D JHQHULF ZD\ DQG DOORZV WKH VHOILGHQWLILFDWLRQ RI WKH
VHQVRUV DQG DFWXDWRUV WR WKH QHWZRUNV DQG V\VWHPV'LJLWDO FRPPXQLFDWLRQ LQWHUIDFH WUDQVPLWV WKH VWDQGDUG
7('6 UHDGLQJ DQG ZULWLQJ LQVWUXFWLRQ RQ WKH &$1 EXV LQ DFFRUGDQFH ZLWK WKH 0RGEXV FRPPXQLFDWLRQ
SURWRFROIRUPDW7KLVDOORZVDOOQRGHVEDVHGRQ7('6DQGWKHVWDQGDUGUHDGLQJDQGZULWLQJFRPPDQGVFDQEH
UHDG E\ KRVWV UXQQLQJ WKH VDPH SURWRFRO 7KH PLFURFRQWUROOHU FRPLQJ ZLWK WKH 1&$3 FDQ FRPSOHWH
FRPPXQLFDWLRQSURWRFROSDUVLQJDQGSDFNDJLQJHQDEOLQJV\VWHPGHYHORSPHQWQRWWRFRQVLGHUWKHFRPSOH[LW\
RI WKH EXV FRPPXQLFDWLRQ SURWRFRO DQG UHGXFHV WKH WHFKQLFDO WKUHVKROG RI XVLQJ 7('6 WR GHYHORS WKH
LQWHOOLJHQWFRQWUROQRGH)RUDYDULHW\RIVLJQDOVVXFKDVWKHWUDQVPLWWHURXWSXWP$VLJQDO$&DQG'&
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YROWDJH VLJQDOGLIIHUHQW VLJQDOFRQGLWLRQLQJFLUFXLWV KDYHEHHQGHVLJQHGHDFKFLUFXLW DV D VHSDUDWHPRGXOH
3OHQW\RIVLJQDOFRQGLWLRQLQJPRGXOHVDQGWUDQVSDUHQWGDWDWUDQVIHUPRGXOHXQLILHGGDWDVWRUDJHWKHVWDQGDUG
WUDQVIHUSURWRFROHQDEOHV WKH FRQWUROQRGHFRQVWUXFWHG LQ WKHPRGXODUZD\%\XVLQJ WKLVGHVLJQPHWKRG LW
ZLOOUHGXFHWKHSURGXFWGHYHORSPHQWF\FOHDQGPDNHVLWHDVLHUWRPDLQWDLQDQGXSJUDGH)LQDOO\EHFDXVHRI
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